very low (below 6 mg/m 3 ), but may be higher in urban areas This paper presents the association of formaldehyde with atopy, asthma, and respiratory symptoms in children. The data were collected as part of an indoor environmental study, which also included measurements of indoor nitrogen dioxide, house-dust-mite allergen (Der p 1), and airborne fungal spores, results for which are being published separately (11±14). were measured 15 min after pricking. The ratio of allergen wheal size to histamine wheal size was calculated, and tests were considered positive if this ratio was greater than or equal to 0.5 (18) .
Material and methods

Statistical considerations
Statistical analyses were performed with SPSS for Windows, formaldehyde exposure groups were tested in the models, but only those which were signi®cant were included in the ®nal models.
Results
The Figure 1 . Severity of allergic sensitization in children by formaldehydeexposure group (highest recorded formaldehyde level). Mean number of positive skin prick tests (SPTs) and largest allergen wheal ratios are shown with 95% con®dence interval. Atopic children, n=95
Proportion atopic ,20 mg/m (P=0.04). In addition, an association between parental asthma and formaldehyde levels was seen, with higher levels recorded for children whose parents were asthmatic (P,0.01).
Allergy
Marginally higher mean formaldehyde levels were recorded in the bedrooms of atopic than nonatopic children (P=0.06) ( Table 1) . A signi®cant difference in formaldehyde levels was seen when comparing highest recorded levels in the home of the child (P=0.002). The children's formaldehyde exposure was categorized into three categories based on bedroom levels, and another three categories based on highest recorded levels were created. Table 2 shows the distribution of atopic and nonatopic children between these exposure groups. For bedroom levels, the groups were not signi®cantly different. However, the difference between the groups based on highest recorded formaldehyde levels was signi®cant (x 2 =13.2, df=2, P=0.001), and a linear trend was present, suggesting a greater risk of atopy with higher exposure levels (P,0.001). As mentioned above, parental asthma and parental allergy were also associated with formaldehyde levels. For this reason, it is possible that any association between formaldehyde levels and health outcomes could be confounded by the concurrent association between formaldehyde levels and family history. In order to clarify whether this was the case, children with and without parental asthma/allergy were analysed separately for an association with highest recorded formaldehyde levels ( In addition to the evidence that formaldehyde exposure is a risk factor for allergic sensitization, there was evidence of a more severe sensitization with greater formaldehyde exposure. There were signi®cant differences in the average number of positive skin prick tests for children in three formaldehyde-exposure categories based on highest recorded levels (P=0.004) (Fig. 1) . Similarly, the average relative allergen wheal size for the largest allergen wheal was different between formaldehyde-exposure groups (P=0.002) (Fig. 1 ). Both these measures of the severity of allergic sensitization tended to increase with increasing formaldehyde exposure, suggesting that greater severity of the allergic sensitization was associated with higher formaldehyde exposure. In both cases, the two higher-exposure group means were signi®cantly higher than the low-exposure group mean in multiple comparison tests (P,0.05). Multiple linear-regression models were used to adjust the associations for potential confounding variables. A signi®cant linear in¯uence of formaldehyde exposure remained after controlling for parental asthma/allergy and sex on both the number of positive skin prick tests and maximum relative wheal size.
Asthma
An association between formaldehyde exposure and asthma in children was tested by looking at the distribution of asthmatic children in three exposure groups of formaldehyde (Table 4) . Bedroom formaldehyde-exposure groups showed no signi®cant difference between groups, but there were signi®cant differences between highest recorded formaldehyde level groups (x 2 =6.84, df=2, P=0.03). A higher proportion of asthmatics was seen with higher formaldehyde exposure, with a signi®cant linear trend present (P=0.02). However, after adjusting for parental allergy and parental asthma by logistic regression, the odds ratio for asthma was not signi®cantly different from 1.0.
Respiratory symptoms
An association between the presence of any respiratory symptoms and formaldehyde levels was tested in a similar manner as for atopy and asthma, comparing the distribution of children between formaldehyde-exposure groups. No signi®cant differences between exposure groups were seen, but there was a weak trend to more children with respiratory symptoms in higher formaldehyde-exposure groups with the highest recorded formaldehyde-level groups. The linear trend was not signi®cant. In addition, a mean respiratory symptom score was calculated for children in the three formaldehyde-exposure groups. Signi®cant differences between groups were seen with the exposure groups based on highest recorded formaldehyde levels (P=0.03) (Fig. 2) . The A potential problem with selection bias in the present study should be recognized, as participating households were recruited as volunteers. It is likely that families with allergic problems were more likely to take part in the study.
Some 48% of nonasthmatic children were atopic, and this is somewhat higher than in comparable community studies.
However, this is not believed to have in¯uenced the results in any signi®cant way. Another potential problem is that the formaldehyde exposure was measured for children 7±14
years of age, while sensitization to indoor allergens occurs mainly in early childhood. Ideally, only children still residing in the dwelling where they were born should have been studied, but this was not possible. Some 74% of the study children had lived in the same house for 5 years or more, while 36% had never moved since birth. It is possible that families with children who developed allergies in early childhood subsequently chose to live in newer dwellings, which also tend to have higher formaldehyde levels, thereby causing the observed association between formaldehyde and atopy. However, there was no signi®cant association between formaldehyde levels and house age; therefore, the latter factor is unlikely to have confounded the results.
There is also a potential problem of recall bias, as data on respiratory symptoms were collected retrospectively. However, in this study, major recall bias was unlikely, as participants were asked to remember only events which actually occurred during the period of study. There were no signi®cant associations between formaldehyde levels and other housing factors associated with health outcomes, making confounding by such factors unlikely.
Evidence for an effect of formaldehyde exposure on atopy has been provided by the present study. An approximate increase in risk of atopy of 40% with either 10 mg/m 3 higher bedroom levels of formaldehyde, or with 20 mg/m 3 higher exposure levels, was seen after adjusting for potential confounding factors. The odds ratio for bedroom exposure levels was signi®cant, but the association with highest recorded formaldehyde levels was stronger throughout the analyses. The main sources of formaldehyde in the study houses were glued wood products (16). It is possible that the stronger association with highest recorded levels is due to better characterization of houses, since ventilation may have occurred on most sampling occasions, thus diluting the average concentrations signi®cantly. It is also possible that peak levels are most important in producing sensitization.
In addition to an increased risk of atopy, there was evidence of more severe allergic sensitization with higher formaldehyde exposure (Fig. 1 ). This suggests a dose-response association between formaldehyde exposure and allergy in children. The associations with severity of allergic sensiti-zation remained signi®cant after adjusting for confounding factors.
A signi®cantly higher respiratory symptom score was seen for children with high formaldehyde exposure (Fig. 2) , and the association remained signi®cant after adjusting for confounding factors. This respiratory symptom score can be considered as a measure of the severity of respiratory symptoms. The odds ratio for the presence of any respiratory symptoms was, on the other hand, not signi®cant. An apparent association between asthma in children and formaldehyde exposure is suggested from bivariate analysis (Table 4 ), but the association did not remain after adjusting for family-history-related factors. Previously, asthma-like symptoms have been associated with formaldehyde levels (7), and another study showed a direct association between formaldehyde levels and diagnosed asthma in children (4). Therefore, it is quite possible that an association does exist, but further evidence is required.
Implications
If low-level formaldehyde exposure, well below current 
